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Although cigarette smoking and alcohol consumption increase risk for head and neck cancers, there have been
few attempts to model risks quantitatively and to formally evaluate cancer site-specific risks. The authors pooled
data from 15 case-control studies and modeled the excess odds ratio (EOR) to assess risk by total exposure (pack-
years and drink-years) and its modification by exposure rate (cigarettes/day and drinks/day). The smoking analysis
included 1,761 laryngeal, 2,453 pharyngeal, and 1,990 oral cavity cancers, and the alcohol analysis included 2,551
laryngeal, 3,693 pharyngeal, and 3,116 oval cavity cancers, with over 8,000 controls. Above 15 cigarettes/day, the
EOR/pack-year decreased with increasing cigarettes/day, suggesting that greater cigarettes/day for a shorter
duration was less deleterious than fewer cigarettes/day for a longer duration. Estimates of EOR/pack-year were
homogeneous across sites, while the effects of cigarettes/day varied, indicating that the greater laryngeal cancer
risk derived from differential cigarettes/day effects and not pack-years. EOR/drink-year estimates increased
through 10 drinks/day, suggesting that greater drinks/day for a shorter duration was more deleterious than fewer
drinks/day for a longer duration. Above 10 drinks/day, data were limited. EOR/drink-year estimates varied by site,
while drinks/day effects were homogeneous, indicating that the greater pharyngeal/oral cavity cancer risk with
alcohol consumption derived from the differential effects of drink-years and not drinks/day.

alcohol drinking; risk model; smoking

Abbreviations: EOR, excess odds ratio; NNK, nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; OR, odds ratio.

Cigarette smoking and alcohol consumption increase risk
of cancers of the larynx, pharynx, and oral cavity, although
the magnitudes of these effects differ by site (1–3). A
detailed, quantitative characterization of the source of the
differential risks has not been conducted but may help to
clarify disease etiology.

Studies have traditionally analyzed odds ratios by
cigarettes/day and duration of smoking or by drinks/day

and duration of drinking. However, the interpretation of
odds ratios for exposure rate and duration is problematic,
because odds ratios with an increasing exposure rate at
a fixed duration or with an increasing duration at a fixed
exposure rate embed the effects of increasing total exposure
(4). We evaluate total exposure and exposure rate (pack-
years and cigarettes/day or drink-years and drinks/day),
which reformulates the analysis in terms of risk with total
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exposure and the modifying effects of the delivery rate, that
is, a comparison of risk for total exposure delivered at higher
exposure rates for shorter durations with risk for an equal
total exposure delivered at lower exposure rates for longer
durations.

Previous analyses of cigarette smoking found that, for
exposure rates above 15 cigarettes/day, increasing ciga-
rettes/day reduced the strength of the association between
pack-years and disease risk for several smoking-related can-
cers, including cancers of the lung, bladder, larynx, pharynx,
oral cavity, pancreas, liver, and esophagus (4–6). These re-
sults are consistent with both biologic processes related to
the metabolism of carcinogens and DNA damage repair and
to intensity-dependent inhalation, whereby heavier smokers
inhale less vigorously, inducing a decline in the strength of
the pack-years association. Those analyses included studies
of head and neck cancers, but the numbers of cases were
limited (5, 6). For alcohol consumption, our analysis repre-
sents the first joint evaluation of drink-years and drinks/day
and, for both exposures, a formal evaluation of differential
risk patterns by cancer site.

We analyze pooled data from the International Head and
Neck Cancer Epidemiology (INHANCE) Consortium of

molecular epidemiologic studies of head and neck cancer
(7). (Refer to http://inhance.iarc.fr/.)

MATERIALS AND METHODS

Study data

Data were derived from 15 case-control studies with
detailed information on cigarette smoking and alcohol
consumption (version 1.1, September 27, 2007) (7). Com-
pared with version 1.0, version 1.1 omitted the Paris (8) and
North Carolina (9) studies because of insufficiently detailed
smoking or alcohol information and added studies from
New York City (10) and Boston (11) (Table 1).

Study questionnaires differed but generally included in-
formation on the use of cigarettes, cigars, pipes, snuff, and
chewing tobacco, although information on noncigarette
products was sometimes limited. Although definitions var-
ied by study, never smokers were those who never smoked
regularly for more than a brief period of time (7).

Consumption of beer, wine, and liquor varied across stud-
ies (7, 12). The usual number of drinks/day was converted
into total ethanol/day on the basis of the ethanol content in

Table 1. Numbers of Cases and Controls and Percentages of Smokers and Drinkersa

Never and Current
Cigarette-Only Smokers

Never and Ever
Consumers of Alcohol

Study Location
(Reference No.)

No. % No. %

Larynx Pharynx
Oral
Cavity

Controls Neverb
‡10

Cigarettes/
Dayc

Larynx Pharynx
Oral
Cavity

Controls Neverd
£5

Drinks/
Daye

£10
Drinks/
Daye

Total 1,761 2,453 1,990 10,114 59.6 83.1 2,551 3,693 3,116 15,589 27.0 79.8 93.7

Europe

Milan, Italy (41) 184 51 41 1,194 48.0 82.9 237 61 43 1,484 20.0 74.6 98.7

Aviano, Italy (42) 104 174 65 579 47.8 81.5 145 215 83 844 6.8 45.4 80.4

Italy (43) 286 290 92 1,632 58.8 74.0 430 393 120 2,483 9.8 79.0 96.8

Switzerland (44) 101 201 121 683 60.9 93.6 123 231 132 846 50.1 93.1 98.6

Central Europe (45) 272 80 115 557 49.4 85.1 372 146 183 850 7.3 86.4 97.6

North America

New York City, NY (10) 0 303 335 458 53.7 93.4 0 435 468 793 30.9 80.8 90.1

Seattle, WA (46) 0 115 132 309 62.1 88.9 0 163 210 598 7.5 94.4 98.0

Iowa (47) 55 96 157 431 65.4 92.6 91 160 252 751 44.3 88.0 96.9

Tampa, FL (48) 46 37 19 516 66.7 93.0 61 56 22 879 39.8 96.2 98.9

Los Angeles, CA (49) 58 87 35 605 76.4 67.8 86 167 52 1,004 24.9 92.4 97.5

Houston, TX (49) 88 227 156 500 75.4 85.4 153 424 234 862 45.8 96.4 99.6

Boston, MA (11) 57 131 80 280 69.6 87.1 111 291 137 659 10.5 88.3 95.4

South/Central America

Puerto Rico (50) 0 116 51 273 71.8 87.0 0 192 87 487 22.8 67.6 87.5

Latin America (22) 510 340 278 986 48.8 82.0 742 440 363 1,517 32.0 64.7 77.3

International (51) 0 205 313 1,111 67.3 80.7 0 319 730 1,532 55.4 82.3 94.9

a Data are from the International Head and Neck Cancer Epidemiology (INHANCE) Consortium of case-control studies of head and neck cancer.
b Percentage of never and current cigarette-only smoking control subjects (n ¼ 10,114).
c Percentage of current cigarette-only smoking control subjects (n ¼ 4,091).
d Percentage of never and ever drinking control subjects (n ¼ 15,589).
e Percentage of drinking control subjects (n ¼ 11,375).
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standard portion sizes in the different countries and then
converted to standardized drinks/day on the basis of 15.6
mL of ethanol/drink.

Written informed consent was obtained from all study
subjects, and studies were approved by appropriate institu-
tional review boards.

We analyzed laryngeal, pharyngeal, and oral cavity can-
cers only, omitting cases with overlapping lesions (n ¼ 277)
or oral cavity-pharyngeal cancer not otherwise specified
(n ¼ 862). We excluded 58 subjects from the New York
City (n ¼ 55) and South America (n ¼ 3) studies who
reported �400 drinks/day.

Statistical models

We followed an approach described previously (4, 13).
We first cross-classified total pack-years and cigarettes/day
and computed joint odds ratios relative to never smokers.
The odds ratios (ORs) increased approximately linearly
with pack-years within each cigarettes/day category. For
continuous pack-years d, we fitted a linear model within
i ¼ 1, . . ., I categories of cigarettes/day, OR(d) ¼ 1 þ ci d,
where each slope parameter, ci, represented the excess
odds ratio (EOR) per pack-year. The parameters c1, . . ., cI
characterized risks with pack-years and their variation
across categories of cigarettes/day. A natural extension for
continuous cigarettes/day, n, was the model,

ORðd; nÞ ¼ 1 þ b dgðnÞ; ð1Þ

where b was the EOR/pack-year at g(n) ¼ 1, and g(.) de-
scribed the variation of the EOR/pack-year with cigarettes/
day, with bg(n) representing the slope of a linear relation
between disease and pack-years (4). Several formulations
for g(.) provided adequate fit; however, we selected g(n) ¼
exp(/1 ln(n) þ /2 ln(n)2) for consistency with previous
analyses (4, 13).

Software for polytomous regression that incorporated
model 1 was not available for estimating risks by cancer
site. As an alternative approach, we appended 3 ‘‘studies’’
consisting of each case type (larynx, pharynx, and oral cav-
ity) and all controls into one data set. This permitted testing
the homogeneity of effects across ‘‘studies’’ by extending
model 1,

ORðd; nÞ ¼ 1 þ RsbsdsgsðnsÞ; ð2Þ

where distinct bs parameters and gs(.) functions replaced b
and g(.), and where ds equals d and ns equals n within
stratum s and zero otherwise. The goal was testing whether
differences in site-specific risk resulted from total exposure
(different b’s) or exposure rate (different g(.) functions) or
both. We compared this approach with a polytomous logistic
model for a simple log-linear model for cigarettes/day and
pack-years and found that statistical inferences were gener-
ally similar.

We used similar models for drink-years and drinks/day.
Models included multiplicative stratum parameters for

sex, study population/center (39 levels), age (<40, 40–
44, . . ., 70–74, �70 years), and main effects parameters

for education (none, did not complete high school, high
school graduate, technical school or some college, college
graduate). For smoking, we analyzed only never and current
cigarette-only smokers to remove complications from risks
in former smokers and use of other tobacco products,
and we stratified additionally on drink-years (never drinker
and quartiles) and adjusted for drinks/day (never drinker and
<1.0, 1.0–2.9, 3.0–4.9, �5.0). For alcohol consumption, we
included all subjects because we could not identify former
drinkers in all studies, and we stratified additionally on
pack-years (never smoked and quartiles) and adjusted for
cigarettes/day (never smoker, <20, 20–29, 30–39, �40) and
use of other tobacco products.

We used likelihood ratio tests to evaluate nested models.
The Epicure computer program was used for analysis (14).

RESULTS

Cigarette smoking

Among never and current cigarette-only smokers, there
were 1,761 laryngeal, 2,453 pharyngeal, and 1,990 oral cav-
ity cancer cases. Controls numbered 7,963 for laryngeal
and 10,114 for pharyngeal cases and for oral cavity cases
(Table 1). Not all studies enrolled laryngeal cancers result-
ing in fewer controls. We cross-classified pack-years and
cigarettes/day, using 10 categories for each, combined adja-
cent pack-years categories when data were sparse, and
computed 46 odds ratios relative to never smokers. For pha-
ryngeal cancer, the odds ratios with 95% confidence inter-
vals increased with pack-years within each cigarettes/day
category (Figure 1). Tests of no departure from linearity
did not reject for any category, while estimates of slope
(ci) varied significantly (P < 0.01). Odds ratio patterns
were similar for laryngeal and oral cavity cancers, with odds
ratios for laryngeal cancer from 2- to 5-fold the odds ratios
for pharyngeal and oral cavity cancers (not shown). For each
site, estimates of slope (ci) varied significantly (P < 0.01).
Among the 30 tests of no departure from linearity of odds
ratios within the cigarettes/day category, tests were rejected
for 2 categories of cigarettes/day (for the larynx, P ¼ 0.03
for �60 cigarettes/day; for the oral cavity, P < 0.01 for
25.0–29.9 cigarettes/day).

Figure 2 plots EOR/pack-year estimates and 95% confi-
dence intervals by mean cigarettes/day (square symbol).
For each site, model 1 (solid line) closely followed the
estimates. Variations by cigarettes/day were significant
(P ¼ 0.04 for laryngeal and P < 0.01 for pharyngeal and
oral cavity cancers when testing /1 ¼ 0 and /2 ¼ 0). At
lower cigarettes/day, there was a direct delivery rate effect,
whereby the strength of the association with pack-years in-
creased with increasing cigarettes/day, indicating that for
equal pack-years smoking more cigarettes/day for a shorter
duration was more deleterious than fewer cigarettes/day for
a longer duration. Above about 15 cigarettes/day, there was
an inverse delivery rate pattern, whereby the strength of the
association decreased with increasing cigarettes/day, indi-
cating that for equal pack-years smoking more cigarettes/
day for a shorter duration was less deleterious than fewer
cigarettes/day for a longer duration. Among less than 10
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cigarettes/day smokers, the range for pack-years was lim-
ited, increasing uncertainty in estimating effects. The inter-
quartile range was 4.5–13.1 pack-years, compared with an
interquartile range of 22.5–54.0 pack-years among all
smokers. We fitted model 1 to never and �10 cigarettes/
day smokers and again observed a good fit (dash line).

We used model 2 to evaluate homogeneity of risks across
sites by comparing deviances when b replaced 3 bs param-
eters and/or /1 and /2 replaced 6 intensity parameters /1, s

and /2, s. For all data and for never and �10 cigarettes/day
smokers, risks differed significantly by site (P < 0.01)
(Table 2). In the restricted data, the fit did not degrade after
replacing the bs parameters with b while adjusting for site
by cigarettes/day (P ¼ 0.71) or after replacing the /1, s and
/2, s parameters with /1 and /2 while adjusting for site by
pack-years (P ¼ 0.17). However, changes in deviance (0.7
vs. 6.4, respectively) suggested that differences by site re-
sulted from differential cigarettes/day effects, while pack-
year effects (bs) were homogeneous.

Comparing only pharyngeal and oral cavity cases and con-
trols, we found that smoking-related risk patterns were ho-
mogeneous (P ¼ 0.92). Comparing the laryngeal ‘‘study’’
with the combined ‘‘study’’ of pharyngeal/oral cavity cases
using one control group, we found no degradation in model fit
after b replaced 2 bs parameters (P ¼ 0.43) but a nearly
significant change in fit after /1 and /2 replaced 4 /1, s

and /2, s parameters (P ¼ 0.08). These post hoc compari-
sons supported effect modification by cigarettes/day as the
primary determinant of site-specific differences.

The patterns in Figure 2 were generally consistent for the
individual studies. For �10 cigarettes/day, the EOR/pack-
year estimates decreased with increasing cigarettes/day in
each study except the Central Europe and Switzerland stud-
ies, where there was no consistent variation with cigarettes/
day (not shown).

Alcohol consumption

For alcohol consumption, we analyzed 2,551 laryngeal,
3,693 pharyngeal, and 3,116 oral cavity cancer cases. Con-
trols numbered 12,179 for laryngeal cancer and 15,589 for
pharyngeal cancer and oral cavity cancer. The drinks/day
distributions were skewed (Table 1). Therefore, we analyzed
all subjects and 2 subgroups, never drinkers and 10 drinks/
day or less drinkers (95.4% of controls) and never drinkers
and 5 drinks/day or less (85.3% of controls), to limit the
influence of high drinks/day values.

We computed odds ratios relative to never drinkers for
a cross-classification of drink-years and drinks/day. For pha-
ryngeal cancer, the odds ratios generally increased with drink-
years within the drinks/day category (Figure 3). Results were
similar for laryngeal and oral cavity cases (not shown). Trends
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varied across drinks/day categories (P < 0.001). Among the
30 tests of no departures from linearity of odds ratios within
the drinks/day category, 4 tests rejected linearity (for pharyn-
geal cancer, P < 0.01 for 5.0–6.9 drinks/day and P ¼ 0.01
for 20.0–29.9 drinks/day; for oral cavity cancer, P ¼ 0.01 for
1.0–2.9 drinks/day and for �30 drinks/day). Odds ratios for
pharyngeal and oral cavity cancer were similar and nearly 2
times the odds ratios for laryngeal cancer.

Figure 4 shows estimates of EOR/drink-year by mean
drinks/day (square symbol) for all data (upper panels) and
for 10 drinks/day or less (lower panels). EOR/drink-year
estimates increased through 10–15 drinks/day, before de-
creasing. We fitted model 1 to all data with linear and qua-
dratic terms in ln(drinks/day) (solid line) and to the restricted
data with a linear term in ln(drinks/day) (dashed line), because
an additional quadratic term did not improve fit. Parameter
estimates are given in Table 3. For 10 drinks/day or less, there
was a direct delivery rate effect, whereby the strength of
the disease association with total drink-years increased with
increasing drinks/day, indicating that, for equal drink-years,
greater drinks/day for a shorter duration was more deleterious
than fewer drinks/day for a longer duration. Above 10 drinks/
day, high drinks/day values influenced model fit.

We used the appended data set of 3 ‘‘studies’’ to evaluate
differences by cancer site. Among subjects consuming 10
drinks/day or less, model 2 degraded significantly after b
replaced the 3 bs parameters with adjustment for the inter-
action of site by drinks/day (P < 0.01) and after /1 replaced

the 3 /s, 1 parameters with adjustment for site by pack-years
(P < 0.01) (Table 3), although the deviance change was
much smaller for the latter (33.8 vs. 11.0). For 5 drinks/
day or less, model fit degraded significantly when b replaced
bs (P < 0.01) but did not degrade significantly when /1

replaced /1, s (P ¼ 0.33), suggesting that site-specific dif-
ferences in risk derived from variation in risk with drink-
years, while the effects of drinks/day were homogeneous.

Comparing pharyngeal and oral cavity cases and controls
only, the effects of drink-years and of drinks/day were ho-
mogenous across the 2 sites (P ¼ 0.21).

For individual studies, the risk patterns for drink-years
and drinks/day exhibited greater variability than those for
smoking. However, for never and 5 drinks/day or less
drinkers, we found an increasing drinks/day effect for all
studies, except the Houston, New York, and Latin American
studies.

DISCUSSION

We observed distinct delivery rate patterns for the risk of
head and neck cancer by cigarette smoking and by alcohol
consumption, and we confirmed prior study results showing
that smoking was more strongly associated with laryngeal
cancer and that alcohol consumption was more strongly
associated with pharyngeal and oral cavity cancers (1–3).
Results suggested that the greater laryngeal cancer risk with
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smoking derived from the differential effects of cigarettes/
day and not pack-years, while the greater pharyngeal and
oral cavity cancer risk with alcohol consumption derived
from the differential effects of total drink-years and not
drinks/day.

Our analysis is the first to characterize the alcohol con-
sumption rate controlling for total alcohol exposure. For sub-
jects consuming 10 drinks/day or less, which included 95% of
controls, the strength of the disease association with total
exposure (drink-years) increased with the increasing exposure
rate (drinks/day), suggesting that alcohol-related causal
mechanisms are not exposure-rate limited at or below 10
drinks/day. Above 10 drinks/day, the strength of the associa-
tion between drink-years and head and neck cancers de-
creased with increasing drinks/day; however, interpretation
was problematic because of the relatively few drinkers of
more than 10 drinks/day and few studies contributing infor-
mation, resulting in increased heterogeneity among studies.

Ethanol may act as a carcinogenic initiator or as a pro-
moter that enhances permeability of cells to other environ-
mental carcinogens, notably tobacco smoke (1, 2, 15, 16).
Ethanol is oxidized to acetaldehyde primarily though the
enzymatic activity of alcohol dehydrogenase and, to a lesser
extent, cytochrome P450 enzymes, including CYP2E1, es-
pecially in chronic drinkers. Acetaldehyde is metabolized
by aldehyde dehydrogenase to acetate (17). The metabolism

of ethanol by alcohol dehydrogenase and aldehyde dehydro-
genase occurs primarily in the liver and, to a lesser extent,
the stomach (15, 17). Acetaldehyde is classified as a possible
human carcinogen (group 2B) (18). The effects of acetalde-
hyde may thus explain the increased cancer risk with alco-
hol consumption, which has been observed for oral cavity,
oropharyngeal, laryngeal, esophagus, liver, colon/rectum,
and breast cancers (15). However, the increased risk for oral
cavity and pharyngeal cancers compared with laryngeal
cancer, which was observed in our analysis and noted by
others (3, 7, 15, 19–21), suggests that site-specific factors in
addition to acetaldehyde must also play a role. These factors
may include increased production of acetaldehyde from oral
bacterial flora concomitant with increased alcohol intake or
poor dentition that may act directly through the release of
proinflammatory cytokines (22) or may enhance the effects
of bacterial flora (23, 24).

Unlike the smoking analysis of never and current
smokers, the drinking analysis did not limit data by drinking
status, because information on drinking status was not avail-
able for 4 studies (Milan, Aviano, Central Europe, and New
York studies). If we omitted these 4 studies and restricted
analyses to never and current drinkers, patterns of EOR/
drink-year and drinks/day were similar, while the inference
in Table 3 was clearer. For example, model fit degraded
significantly when b replaced bs (P ¼ 0.01 for �10

Table 2. Parameter Estimates by Cancer Site From Fitting Modelsa to Never Smokers and

Current Cigarette-Only Smokersb

Data/Site
Cases,
no.

Controls,
no.

bs f1, s f2, s

Effect Modification of Smoking by
Cancer Site

Site byc
Deviance
(No.)d

P
Valuee

All data

Larynx 1,761 7,963 0.0642 1.594 �0.265 Both (9)

Pharynx 2,453 10,114 0.0496 1.120 �0.238 Cigarettes/day 2.1 (7) 0.35

Oral 1,990 10,114 0.0067 2.392 �0.436 Pack-years 6.7 (5) 0.17

None 104.9 (3) <0.01

Restricted dataf

Larynx 1,662 7,378 0.0032 3.469 �0.550 Both (9)

Pharynx 2,323 9,422 0.0233 1.573 �0.306 Cigarettes/day 0.7 (7) 0.71

Oral 1,894 9,422 0.0045 2.623 �0.468 Pack-years 6.4 (5) 0.17

None 103.7 (3) <0.01

a Odds ratio ¼ 1 þ Rs bs d gs (n), where gs (n) ¼ exp(/1, s ln(n) þ /2, s ln(n)
2); d is total pack-

years of exposure; n is the number of cigarettes smoked per day; b, /1, and /2 are unknown

parameters; and subscript ‘‘s’’ denotes separate parameters for site-specific cancers (refer to

text). Models are adjusted for study/center, age, sex, education, drink-years, drinks/day, and

indicators of cancer site and its controls.
b Data are from the International Head and Neck Cancer Epidemiology (INHANCE) Consortium

of case-control studies of head and neck cancer.
c Denotes effect modification of smoking by cancer site, including the following: ‘‘both,’’ the

modification of both pack-years and cigarettes/day by site, bs d gs (n); ‘‘cigarettes/day,’’ modifi-

cation of cigarettes smoked per day by site, b d gs (n); ‘‘pack-years,’’ modification of pack-years by

site, bs d g(n); and ‘‘none,’’ no effect modification, b d g(n).
d Change in deviance relative to model with pack-years and cigarettes/day variation by site.

The number of smoking-related parameters is shown in the parentheses.
e P value for the test of model fit relative to the full interaction model.
f Never smokers and current cigarette-only smokers consuming �10 cigarettes/day.
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drinks/day and P ¼ 0.06 for �5 drinks/day), but it did not
degrade significantly when /1 replaced /1, s (P ¼ 0.37 for
�10 drinks/day and P ¼ 0.53 for �5 drinks/day). These
results indicated that site-specific differences in risk derived
from variation in risk with drink-years, while drinks/day
effects were homogeneous, suggesting the same relative
impact of drinks/day for laryngeal, pharyngeal, and oral
cavity cancers.

Alcohol-dependent recall bias, with heavier drinkers
underestimating drinks/day, may have occurred (25). Such
bias could induce overestimation of the association between
disease and drink-years that increased with drinks/day.
Analyses have reported correlations of 0.6–0.7 for prospec-
tively and retrospectively collected estimates of alcohol in-
take and for absolute differences in consumption of 1 g of
ethanol per day or less or less than one-tenth of a can of beer
or glass of wine (26–28). In our data, the EOR/drink-year
increased smoothly through 10 drinks/day, with a 1.3-fold
(oral cavity), 1.5-fold (pharynx), and 2.3-fold (larynx) in-
crease in the fitted EOR/drink-year at 10 drinks/day relative
to 5 drinks/day (Table 3). This suggests that recall bias
would be insufficient to produce the observed magnitude
of effects for increasing drinks/day.

For cigarette smoking, there was an inverse delivery rate
or ‘‘reduced potency’’ effect above about 15 cigarettes/day,

whereby for equal pack-years smoking more cigarettes/day
for a shorter duration was less deleterious than smoking
fewer cigarettes/day for a longer duration. This pattern has
been observed for a variety of smoking-related cancers,
including cancers of the esophagus, lung, kidney, bladder,
pancreas, and liver (4–6), and it suggests a broader smoking-
related phenomenon.

The inverse exposure rate pattern for cigarettes/day likely
reflects both biologic effects and intensity-dependent inhala-
tion characteristics. The inverse exposure rate pattern is con-
sistent with various biologic processes linked to carcinogens
in cigarette smoke, including increased DNA repair (29–32),
saturation of activation pathways (33–35), and increased in-
duction of detoxification enzymes (36). The tobacco-specific
nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK) is a potent carcinogen, which can be characterized by
its urinary metabolites. In data from 4 clinical studies, the
ratio of NNK metabolites to urinary cotinine declined with
increasing cotinine, suggesting reduced NNK uptake per unit
of cotinine with increasing cotinine (37), a pattern consistent
with inverse exposure rate effects. The inverse exposure rate
pattern may also reflect heavier smokers inhaling less vigor-
ously, leading to lower carcinogenic exposure per cigarette, as
suggested by a study of 190 smokers which reported increased
cotinine and nicotine levels with increased intensity and
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Figure 3. Odds ratios for pharyngeal cancer by categories of drink-years and number of drinks/day, as well as fitted linear odds ratio models in
drink-years (drinks/day 3 years of consumption). Bars, 95% confidence interval. Pooled data from the International Head and Neck Cancer
Epidemiology (INHANCE) Consortium were for all pharyngeal cancer cases and controls.
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a marginally significant (P ¼ 0.08) decline in ‘‘nicotine
boost,’’ that is, an increase in blood plasma nicotine per cig-
arette (38). Nonetheless, evidence suggests that inhalation
characteristics do not fully explain the inverse exposure rate
pattern. In a lung cancer case-control study, inhalation was
unrelated to cigarettes/day within pack-year categories, sug-
gesting that inhalation does not confound pack-years-adjusted
cigarettes/day patterns (4), while a sensitivity analysis, based
on the relation between urinary cotinine and cigarettes/day,
indicated that inhalation characteristics do not fully account
for the exposure rate pattern (39). Finally, although inhalation
characteristics may have contributed to an inverse exposure
rate pattern for lung cancer, we would expect depth and fre-
quency of inhalation to have a lesser impact on modifying the
delivered dose for risk of head and neck cancers. However,
a literature search failed to find any analyses of head and neck
cancer risk in relation to cigarette inhalation patterns.

Consistent with several studies, this study found that
smoking-related risks were higher for cancer of the larynx
compared with cancer of the pharynx and oral cavity (1, 2, 7,
19, 20). Our modeling suggested that differences in risk
resulted from the differential effects of cigarettes/day, while
pack-year effects were homogeneous, indicative of a height-
ened responsiveness of the larynx to changes in cigarettes/
day. However, this may be a chance finding because the
variation was not statistically significant (P ¼ 0.17).

The risk patterns for smoking were generally consistent
across individual studies, which agrees with other smoking-

related analyses (5, 6). Results for drink-years and drinks/
day, while broadly consistent, exhibited greater heterogene-
ity among studies, particularly at higher drinks/day. This
agrees with a meta-analysis that reported greater heteroge-
neity in alcohol-related risks compared with smoking risks
(20). Increased heterogeneity may be due to population dif-
ferences in the amount, type (beer, wine, liquor, and so on),
and formulation (straight or mixed drink for liquor) of the
alcohol products consumed. Reports have linked ethanol
concentration to increased risk of head and neck cancer
(3, 21, 40), although an analysis of data from the Interna-
tional Head and Neck Cancer Epidemiology Consortium did
not find marked differences in risk by type of drink (12).

In summary, we observed an inverse exposure rate effect
for cigarette smoking above 15 cigarettes/day, whereby the
strength of the association between head and neck cancer
and pack-years decreased with cigarettes/day, and a direct
exposure rate effect for drinks/day �10 drinks/day, whereby
the strength of the association between head and neck can-
cer and total drink-years increased with drinks/day. Smok-
ing risks were greater for the larynx than for the pharynx
and oral cavity, while alcohol risks were greater for the
pharynx and oral cavity. We found suggestive evidence
that greater smoking-related risk of laryngeal cancer was
derived primarily from the differential effects of cigarettes/
day, while the effect of pack-years was similar by site, and
that the greater alcohol-related risk for pharyngeal and oral
cavity cancers was derived from a greater effect of total
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drink-years, while the modification of drink-years–related
risk by drinks/day was similar for each site.
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